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(57) Abstract 

The present invention relates to methods and compositions for stimulating liver regeneration in subjects with liver disorders. 
Specifically, the methods and compositions of the invention provide for the transplantation of bone marrow cells into a recipient host 
in amounts sufficient to result in the production of hepatocytes, bile ductal cells and oval cells during liver regeneration. The invention 
is based in the observation that bone-marrow derived cells, can participate in the production of hepatocytes, bile ductal cells and oval 
cells during liver regeneration. The present invention further provides methods for deriving enriched populations of hepatic oval cells, 
considered to be hepatic stem cells, utilizing antibodies that recognizes the Thy-1 cell surface antigen expressed on the surface of hepatic 
oval cells. The enriched populations of hepatic oval cells can be transplanted into a host for stimulating liver regeneration in subjects with 
liver disorders. 
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BONE MARROW TRANSPLANTATION 
FOR HEPATIC REGENERATION AND REPAIR 

SPECIFICATION 

L INTRODUCTION 

5 The present invention relates to methods and compositions for 

stimulating liver regeneration in subjects with liver disorders. Specifically, the 
methods and compositions of the invention provide for the transplantation of bone 
marrow cells into a recipient host in amounts sufficient to result in the production of 
hepatocytes, bile ductal cells and oval cells during liver regeneration. The invention is 

1 0 based in the observation that bone-marrow derived cells, can participate in the 

production of hepatocytes, bile ductal cells and oval cells during liver regeneration. 

The present invention further provides methods for deriving enriched 
populations of hepatic oval cells, considered to be hepatic stem cells, utilizing 
antibodies that recognizes the Thy-1 cell surface antigen expressed on the surface of 

15 hepatic oval cells. The enriched populations of hepatic oval cells can be transplanted 
into a host for stimulating liver regeneration in subjects with liver disorders. The 
present invention, by enabling methods for the transplantation of bone marrow cells 
and/or oval cells for stimulation of liver regeneration provides a safer alternative to 
whole liver transplantation in subjects having liver disorders including, but not limited 

20 to, cirrhosis of the liver, alcohol induced hepatitis, chronic hepatitis, primary 
sclerosing cholangitis and alpha r antitrypsin deficiency. 

2. BACKGROUND OF INVENTION 
The origin of the hepatic oval cell has been a topic of considerable 
interest and controversy for the past several decades. Because oval cells proliferate 
25 when hepatocytes are prevented from proliferating in response to liver damage, these 
cells have been considered to be hepatic stem cells, or the intermediate progeny of a 
hepatic stem cell. The prevailing opinion is that oval cells originate either from cells 
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present in the canals of Herring ( Grisham, J.W. and Thorgiersson, S.S. in Stem Cells, 
C.S. Potter, Ed. (Academic Press, San Diego, CA 1997) pp. 233-282) or from blast- 
like cells located next to bile ducts (Novikoff, P.M. et al., 1996, Am J. Pathol. 
148:1473). Oval cells are not easily detected in normal livers. In certain pathological 
5 conditions, however, in which an inhibition of hepatocyte proliferation is followed by 
severe hepatic injury, oval cells are readily apparent due to their active proliferation 
In recognized experimental animal models, hepatocyte proliferation is generally 
suppressed by exposure of the animal to 2-acetylaminofluorene (2-AAF) and, 
subsequently, hepatic injury is usually induced by partial hepatectomy (PHx)or by 
administration of carbon tetrachloride (CC1 4 ) (Evarts, R.P., et al., 1989, Cancer Res 
49:1541; Petersen, B.E. et al., 1998, Hepatology 27:1030). Oval cells have been 
observed in organs other than the liver, such as the pancreas of rats fed a copper- 
deficient diet (Bartles, J.R. et al., 1991, J Cell Science 98:45; Rao, M.S. and Reddy, 
J.K., 1995, Seminars in Cell Biology 6:151). 

Throughout life, hepatic and hematopoietic cells intermingle and 
appear to be interdependent. During fetal life, hematopoietic stem cells (HSC) move 
out of the yolk sac and take up residency in the liver, and until the time of birth, the 
liver functions as a hematopoietic organ (Baker, J.E. et al., 1969, J Cell Physiol 74 51 ■ 
Moore, M.S. et al., 1970, Br J Haematol 18:279). This function ceases in the neonate' 
but under certain conditions it can be reactivated in the form of extra-medullary 
hematopoiesis (Tsamanda, A.C., 1995, Modern Pathol 8:671). The adult liver has 
been shown to harbor a significant number of HSC (Hayes, E.F. et al., 1 975 J Cell 
Physiol 86:213), and it has been shown that the bone marrow of lethally irradiated 
animals can be reconstituted by whole liver transplantation (Murase N et al., 1996 
25 Transplantation 61:1). 

Hematopoietic activity and erythropoietic cells have been shown to 
reappear in the liver during liver regeneration following a partial hepatectomy 
(Naugton, B.A. et al., 1982, Exp Hematol 10:451: Barbera-Guillem, E. et al 1989 
Hepatology 9:29; Sakamoto, T., et al, 1992, Reg Immunol 4:1). It has also been 
30 shown that cultured rat hepatocytes can produce granulocyte-macrophage colony 
stimulating factor, a known hematopoietic cytokine (Sakamoto, T. et al., 1991, Reg 
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Immunol 3:260). Recently, oval cells were found to express CD34, Thy-1 and c-kit 
mRNAs and proteins (Petersen, B. et al., 1998, Hepatology 27:433; Omori, N. et al, 
1997, Hepatology 26:720; Fujio, K. et al., 1994, Lab Invest 70:511). These antigens 
are known to be expressed on HSC. In addition, oval cells express flt-3 receptor 
5 mRNA, which in humans and mice has been reported to be restricted to populations of 
hematopoietic progenitor cells (Omori, M. et al., 1997, Am J Pathol 150:1 179). The 
adult mammalian liver can therefore be considered a potential hematopoietic organ. 

3. SUMMARY OF THE INVENTION 
The present invention provides methods and compositions for 
10 stimulating liver regeneration in subjects with liver disorders. The compositions and 
methods of the invention provide for the transplantation of bone marrow cells into a 
recipient in amounts sufficient to result in the production of hepatocytes, bile ductal 
cells and oval cells during liver regeneration. The invention is based on the 
observation that bone-marrow derived cells, can participate in the production of 
1 5 hepatocytes, bile ductal cells and oval cells during liver regeneration. 

The present invention further provides methods for deriving enriched 
populations of hepatic oval cells, considered to be hepatic stem cells, utilizing 
antibodies that recognizes the Thy-1 cell surface antigen expressed on the surface of 
hepatic oval cells. The enriched populations of hepatic oval cells may also be utilized 
20 in methods directed to regeneration of liver tissue. 

The present invention also provides compositions for use in stimulating 
liver regeneration comprising bone marrow cells and/or hepatic oval cells in a 
pharmaceutical acceptable carrier. The compositions of the invention may be utilized 
for treatment of subjects with liver disorders where the stimulation of liver 
25 regeneration is desired. Such disorders include cirrhosis of the liver, alcohol-induced 
hepatitis, chronic hepatitis, primary sclerosing cholangitis, alpha,-antitrypsin 
deficiency and liver cancer. 

In an embodiment of the invention, the bone marrow derived stem cells 
and/or hepatic oval cells may be genetically engineered, prior to transplantation, to 
30 enable them to produce a wide range of proteins, including but not limited to, growth 
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factors, cytokines, or biologically active molecules, such as hormones. In this way, 
any new liver tissue derived from the transplanted stem cells or hepatic oval cells will 
produce the desired biologically active protein. 

The invention further relates to the in vitro attachment of stem cells or 
5 hepatic oval cells to a matrix prior to transplantation for the purpose of increasing the 
viability and growth of the transplanted cells. In addition, the matrix may be 
composed of additional materials including other types of cells or biologically active 
molecules. 
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4 - BRIEF DESCR IPTION OF THE DRAWINGS 
FIGURE 1 . PCR analysis of DNA from female rats transplanted with 
bone marrow from the femurs of male donors rats. The data presented here show that 
the transplanted animals tested positive for the Y chromosome in both the Thyl.T and 
Thyl.r sub-populations of non-parenchymal cells (NPC) at both days tested. The Thy- 
1- fraction shows strong signal probably due to the presence of hematopoietic cells. 
After successful BMTx, presumably the mature (differentiated) male hematopoietic 
cells could be found in the NPC population. The mature hematopoietic (i.e. Kupffer 
cells, monocytes, etc.) cells will be negative for Thy-1, but positive for the Y 
chromosome. Note the Day 13 fraction of hepatocytes are now expressing the Y 
chromosome PCR product. This is the time point when oval cells begin to make the 
transition to hepatocytes. As noted in the text, the Day 9 hepatocyte fraction was 
negative for the Y chromosome. This would be expected in the prevailing view of the 
timing events in the cascade of oval cell proliferation and differentiation. The control 
female DNA as well as the non transplanted female DNA is negative for Y 
chromosome expression. The 0-actin product reveals that the DNA was present and 
25 intact. 

FIGURE 2 A-C. Photomicrographs of in situ hybridizations of the Y 
chromosome sry gene performed on frozen liver sections. The arrows indicate 
positive reaction in the nucleus of hepatocytes. A, untreated control normal male rat 
(positive control); B, female treated with BMTx and the 2-AFF/CCl 4 protocol and 
30 sacrificed at day 13 following hepatic injury; and C, untreated female (negative 
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control). It should be noted that the color reaction-time for the untreated female was 
45 minute, whereas the color reaction-time for both the male and the BMTx/2- 
AAF/CC1 4 treated female was only 5 minutes. The magnification of all the 
photomicrographs is 1000X. 
5 FIGURE 3 A-F. DPPIV activity in frozen liver sections. A, untreated 

DPPIV + rat used as a positive control. A diffuse decoration of the bile ductular site of 
hepatocytes is evident (orange color). B, untreated DPPIV" rat showing a complete 
absence of DPPIV activity (negative control). C-F are four different BMTx (male 
DPPIV + donor) DPPIV* rat (recipient) exposed to the 2-AAF/CCl 4 protocol for oval 

10 cell induction and sacrificed at day 1 1 or day 13 following hepatic injury. A positive 
reaction is evident not only between hepatocytes from all four animals, but also a on a 
few oval or transitional cells (D and E). The DPPIV staining can appear as a line 
(open arrowheads) or as a dot (closed arrowheads) depending the plane of the section 
through the bile cannilcuar region. In all cases there are clusters of cells (2-5) 

1 5 expressing the DPPIV marker. Hepatocytes that are from donor origins are denoted 
by *. Original magnifications, 200x. 

FIGURE 4 A-B. Sections from two Brown-Norway rat livers, 
transplanted into Lewis recipient rats, sacrificed 1 1 days (A) and 13 days (B) after 
CC1 4 administration in the oval cell induction protocol. The sections were 

20 immunostained with an L21-6 mAb. Positive oval cells (arrow heads) and positive 
cells in ductal structures (arrows) can be seen. Original magnifications, A, lOOx, and 
B, 200x. 

FIGURE 5 A-D. Frozen liver section showing double 
immunofluorscence staining of a periportal region in a Brown-Norway liver 

25 transplanted into a Lewis recipient rat (A). Green fluorescence: anti L21-6, a recipient 
marker; red fluorescence: anti OC-2, an oval cell and a mature ductal cell marker. 
When the two antibodies are in close proximity, the light waves mix and the emitted 
fluorescence is yellow. Oval cells co-expressing the two markers are evident 
(arrows). Other cells can be seen that express only L21 -6 (presumably inflammatory 

30 cells), or only OC.2 (oval cells that could have been derived from, L21-6 negative 

precursor-cells resident in the Brown-Norway liver). B-D shows a frozen section of a 
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Brown-Norway liver transplanted into a Lewis recipient rat and put on the 2- 
AAF/CC1 4 protocol, day 13 after CC1 4 exposure. Centered in the photomicrograph is 
a ductal structure (B-D), the same type of structure seen in Figure 4A. Double 
immunofluorscence staining was performed using anti-L21-6 (B) and anti-OC-2 (D). 
5 Merged images of the L2 1 -6 and OC-2 immunofluorescence staining are shown in the 
middle photomicrograph (C). Cells expressing both antigens are yellow (C). As a 
point of origin, * indicates the center of the bile duct. The origin of the cells within 
this duct is extrahepatic because they are positive for L21-6, which makes them 
recipient derived cells. Arrows in B-D indicate the same cell in all three 
10 photomicrographs. Bars represent 10 /^m in length. 

FIGURE 6. Time line of events for activation of oval cell 
proliferation. The presence of 2-AAF is necessary to suppress hepatocyte 
proliferation and to allow extended proliferation of oval cells. The diagram represents 
the different stages of oval cell proliferation. 
1 5 FIGURE 7 A-B. Liver section obtained from a rat on day 1 1 on the 2- 

AAF/CCI4 protocol. Sections were stained with hematoxylin-eosin. Centered in the 
photomicrograph is a portal triad (PT). The small oval cells (arrows) can be seen 
between the larger hepatocytes. (Original magnification [A] XI 00; [B] X200.) 

FIGURE 8 A-D. Immunohistochemistry for BrdU incorporation on 
20 liver sections obtained from animals on the 2-AAF/CCl 4 protocol at various time 

points post-hepatic injury. (A) Day 9; (B) day 1 1; (C) day 13; and (D) positive control 
for BrdU at the 24-hour Phx time point. The peak of proliferation occurs at day 9, 
with a drastic drop-off of labeling on subsequent days. The day 13 time point is also 
represented in Fig. 8. HV, hepatic vein. (Original magnification [A-D] X200.) 
25 FIGURE 9 A-B. Frozen liver sections obtained from normal rat liver. 

Histological appearance of liver section stained with (A) Thy 1.1 antibody and 
(B) OC.2 antibody. Normal rat liver was used as a negative control for 
immunostaining procedures. Thy 1 . 1 expression cannot be detected in a normal adult 
liver, and OC.2 can be detected only on the ductular epithelium in the portal triads. 
30 The portal triad region (PT) and central vein region (CV) are designated in the lobule. 
(Original magnification X40.) 
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FIGURE 10 A-F. Frozen serial sections from rat liver exposed to the 
2-AAF/CCl 4 protocol (day 21). (A and D) Immunohistochemical expression of CK- 
19. (B and E) expression of OC.2. (C and F) Expression of Thy 1.1 staining as can be 
seen at lower magnification (A-C), CK-19, OC.2, and Thy 1.1 exhibit nearly the same 
5 staining pattern. At higher magnification (D-F), the individual oval cells stain 
positive for each antibody. Open arrows in (A-C) indicate the reference point at 
which the photomicrographs of higher magnifications were taken. Solid arrows in (D- 
F) show individual oval cells positively stained for the appropriate antibody. It should 
be noted that the ductular epithelium is now staining positive for Thy-1 . In normal 

10 liver, this is not the case. This same result can be seen in Fig. 6 as well. (Original 
magnification [A-C] X40; P-F] X200.) 

FIGURE 1 1 A-F. Frozen serial sections from rat liver exposed to 2- 
AAF/PHx protocol (day 13). (A and D) Immunohistochemical expression of CK-19. 
(B and E) Expression of OC.2. (C and F) Expression of Thy 1.1 staining. At lower 

15 magnification (A-C), CK-19, OC.2, and Thyl.l exhibit nearly the same staining 
pattern. At higher magnification (D-F), the individual oval cells stain positive for 
each antibody. Open arrows in (A-C) indicate the reference point at which the 
photomicrographs of higher magnifications were taken. Solid arrows in (D-F) show 
individual oval cells positively stained for the appropriate antibody. This figure 

20 illustrates that, in this model, there are no inflammatory cells to confound the issue as 
to which cell type is expressing Thy-1 . Staining patterns are alike for all three 
markers, and this pattern is similar to what is seen in the 2-AAF/CCl 4 model. 
(Original magnification [A-C] X40; [D-F] X200.) 

FIGURE 12 A-D. Profiles of NPC fraction obtained from perfused rat 

25 liver exposed to the 2-AAF/CCl 4 protocol. Cells were labeled with Thy 1 . 1 -FITC 
antibody and sorted by flow cytometry. Cells were separated into two factions: (A) 
right gate, Thy-lMabeled cells and (B) left gate, Thy-T cells. Histograms revealed 
that 95% to 97% purity could be obtained for Thy-1. V cells, while 99% purity could 
be achieved for negative cells. (C) Sorted Thyl.T cells were stained with PI, and 

30 flow cytometric cell cycle analysis was performed. Analysis revealed that 94% 
Thyl.T cells are in the G0/G1 (resting) stage of the cell cycle. (D) Thy-1 -labeled 
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«Us to m „ me G0/G1 ^ rf<- ^ cyde ^ 

Approximately 90% of toe resting cells are Thy-1*. 

FIGURE 13 A-B. ImmunoMstochemistiy of liver section obtained 
fi0M.dayl32.AAP/CCUrat (A) BrdU staining of ova] cells in the proliferative 
state. Very few ceUs are posi«ive.y stained, which may represent the smaU peak of 
cells rn the 02*, phase seen m Fig. 7C and 7D. The d U c M ar fixation (BD, is 
devoid of any BrdU staining. (B) Liver section stained for PCNA also shows UtUe or 
no PCNA starring. This corroborates the BrdU staining. Both of these stains 
document that the majority of oval cells taken a. this time point axe no. in a 
proliferative state. © and D) The corresponding positive controls for BrdU and PCNA 
suuntng on ra, hver sections from the 24-honr Phx time point. Arr^ indicate 
mdtvtdual oval cells. (Original magnification [A-D] X100.) 

from 2 aaJT** 14 A ""' ■"I— of Thy...' sorted cells 

from 2-AAF/CC-treated rats. Thy-,.r were stidnedwim oval cell-specific 
antibodies. (A) Hematoxylin-eosin stain. (B) A representative of negative control 
(omtssron of primary antibody). (CF) AFP, CK-19, GOT, and OV6 staining 
respectively. The majority of me Thy, • cells were positive for oval cell-specific 
markers. (G) A representative of cells stained for desmin. AD photomicrographs are 

at.OOXmagmflcation. (H) Dual staining of oval cells. AFP-Texas Red (red) and 
•« Thy'-'-FITCtera^showingbotitmarkersonmesamecoIls. Wherethetwo 

antibodies are in close proximity to each other, the wavelengths mix and the resulting 

fluorescence is yellow. Photomicrograph for (H) was obtained using confocal 

microscopy. 

FIGURE 15 A-E.CytocenWfi.ged preparation of Thyl.F S0Ited 
from 2-AAF/CCVtie^ rats. The Thy-, celU were also sunned with oval eel, 
antibodies. (A) Hematoxylin-eosin stain. (B and D) Cells stained for AFP and GGT 
respectively. The corresponding negative controls are shown in (C) and (E) All ' 
photomicrographs are at 200X magnification. 

FIGURE 16 A-F. (1 6A) Norma. Rat Spleen. DPPIV positive cells 
wrm^wimareddishlbumorangecolor. Notice tha, me wmte pulp region of <he 
spleen, devoid of stoin. ,0x objective. (.6B) Norma. Ra, Sp.ee„. DPPFV po siti ve 
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cells with stain with a reddish/burn orange color. Notice that the white pulp region of 
the spleen is devoid of stain. 20x objective. (16C) Experimental DPPIV deficient rat 
transplanted with DPPIV positive bone marrow. Spleen 60 days post BMTx. Notice 
the reddish/burn orange staining present throughout the spleen. The white pulp region 
5 is now showing a large number of cells positive for DPPIV. 4x objective. (16D) 
Experimental DPPIV deficient rat transplanted with DPPIV positive bone marrow. 
Spleen 60 days post BMTx. Notice the reddish/burn orange staining present 
throughout the spleen. The white pulp region is now showing a large number of cells 

positive for DPPIV. lOx objective. 

10 FIGURE 17A-D. (17 A) Normal Rat pancreas. DPPIV positive cells 

with stain with a reddish/burn orange color. lOx objective. (17B) Normal Rat 
pancreas. DPPIV positive cells with stain with a reddish/burn orange color. 20x 
objective. (17C) DPPIV deficient rat pancreas. No staining is visible throughout the 
section. lOx objective. (17D) DPPIV deficient rat pancreas. No staining is visible 

1 5 throughout the section. 20x objective. (17E) Experimental DPPIV deficient rat 
transplanted with DPPIV positive bone marrow. Pancreas 60 days post BMTx. 
Notice there are a few reddish/burn orange cells staining positive in the pancreas. lOx 
objective. (17F) Experimental DPPIV deficient rat transplanted with DPPIV positive 
bone marrow. Pancreas 60 days post BMTx. Notice there are a few reddish/burn 
20 orange positive cells present in the pancreas. 20x objective. 

5. nFTAILED DESCRIPTION OF THE INVENTION 
The present invention relates to methods and compositions for 
stimulating liver regeneration in a subject having a liver disorder. The invention 
provides methods and compositions for transplanting of bone marrow cells into a 
25 recipient host in amounts sufficient to result in the production of hepatocytes, bile 
ductal cells and oval cells during liver regeneration. 

In a specific embodiment of the invention, bone marrow cells are 
administered to a subject in need of new liver tissue. The bone marrow cells can be 
injected into the recipient, wherein the bone marrow cells will migrate to the liver, 
30 undergo proliferation, and differentiation leading to the production of new liver tissue 
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containing hepatocy.es, bUe ductal ceils and oval cell, AJtematively, the bone 
man»w cells may be tmnsptanfed directly into the liver where the cells wi.l proiiferate 
and differentiate to form new liver tissue. 

The composite of the invention comprise bone marrow cells in a 
5 pharmaceutical acceptable canier for administiation in«o a recipient ho* in need of 
new Hver tissue. The bone marrow cells may also be geneticaUy engineered to enable 
mem ,„ produce a wide range of functional proteins> such „ for 

g™wtofactors,cy,oktoesandhormones. The compositions of me invention also ' 
comprise bone marrow ceUs on a support matrix for transplantation into the tiver The 
mamx may farmer comprise grew* factors capable of stimulating me proliferation 
and/or differentiation of hepatic stem cells or other types of cells. 

mctaven «™^'ela te s«omemodsforenrichmgforpopula,ions 
of hepauc ova, cells, a hepatic stom ce.l, using me Thy-, col, surface antigen as an 

anhbodytag. Once purified, me ova, cells may be tiansphmfed into a tecipien, in need 
of new hver tissue. The hepatic ova, ce,ls may be transited directly into me Uver 
of me tecipien, where the hepatic ova, ceUs will undergo proliferation, and 
dtfferentiation .ceding ,o me production of new Hver tissue containing hepatocytos 
h.,e ductaa. cells and ova, cells. Amatively, the ceUs may be injected into me ' 
POttafvemwheremeceUswUigodirecUytomeUve, ,„ ye, another embodiment of 
me mvention, me hepatic oval cells may be inject into me spleen followed by 
nugranon to the liver. 
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Bone marrow cells may be obtained from a variety of different donor 
sources, to a prefereed embodiment autologous bone marrow is obtained from the 
subjectwhoistoreceivemebonemarowceUs. This approach is especially 
advantageous since tite immunological rejection of foreign tissue and/or a graft 
host response is avoided . fa yet ^ ^ 

aUogemc bone mturow may be obtained from donors who are genetically related to 
•he reopen, and share the same transptantation antigens on toe surface of fteir Wood 
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cells. Alternatively, if a related donor is unavailable, bone marrow from antigemcally 
notched (identified through a national registry) donors may be used. 

Bone marrow cells can be obtained from the donor by standard bone 
aspiration technique, known in the art. For example, bone marrow cells can 
5 be removed from the donor by placing a hoUow needle into the marrow space and 
v.duimwingac.nan^ofmarrowc.llsbyaapirauon. Alternatively, periphera stem 
cUs can be obtained from a donor, for example, by aandard phlebotomy or apherests 
techniques. For convenience, fine following embodiments of me invention are 
described for bone marrow calk, although i« should be understood ma. periphera. stem 
10 calls may be used as equivalent to bone marrow calls. 

Before administration into the recipient, bone marrow call populates 
.naybe enriched for stem cells by selecting for cells that express stem cell surface 
antigens such as 1 , CD34, F/,-3 Ugand and c-«t, in combination with purificatton 
techniques such as immuno-magnetic bead purification, affinity chromatography and 
15 fluorescence activatedce.. sorting. In addition, where tire possibility ofa graft versus 
host response exis*. tire stem ecus to be adminitfered to me recipient can 
deple^topreverttthedevelopmentofagraftversushostresponse. Thecell 

populationmaybedepletedof T-ceUsby one of many methods knownto one skriled m 
tire art (eg., Blazer et al., 1985, Experimental Hematology 13:123-128). 
20 Prior to transplantation into the recipient host, the bone marrow cells 

m ay be stimulated withanumber of different grow* factors that ca, regulate tissue 
^enercuonbyaffectingceflprcufe^^ 

growth factors include titose capable of stimulating the proliferation and/or 
differentiation of bone maxrow cells and hepatic progenitor cells. For example, 
25 epidermal growfl, factor (EOF), transforming grow* factor . (TGF-a) or ^ 
growth factor/scatter factor (HOF/SF) may be utilized. The bone marrow cells may be 
stimulated in rUro prior <o transplantation into tite recipient subject. Alternative.,, the 
stem cells may be stimulated in viw, by injecting the recipient with such growth 

factors following transplantation. 
30 The present methods and compositions can also employ bone marrow 

db^^* tafc ' Bdl " ,#B,, ' rfWta * 
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factor, Medrods which a« we,, known ,„ ^ stilled ta «he «» can te ^ t0 
See,f„rexamp,e, the lechntoues described in Sambrook, e, a,., ,992 

Associated Wiley Interscience, N.Y. 
10 to ^°^ toc *~^»^mv/ froto ana tara Io rS ynU,edo 

^"^^-ybe^inn.pnacUceo^invendon.vL,, ' 

K , ^ - - *• *— — , y associate, win, being 

-non when admimsfc.d to the ^ ^ ^ ^ « 

»«* of tone. ^ ^ ^ ^ ^ 

tofonnnewhverdssue. ^.w^, 

l~ ema,riX,hatiSCaPabte0fbeing — --Mr-Mr*. 

To improve stem cel, adhesion «o the matrix, and survival and function 
» ^^ceu.n.en^n^yo^,^^^^^ 

toora known in the an to prom „ te C e„ adhesion, growth or survival. Such factors 
^^^^^^^^^ 

30 th^rf- • rae ^ SraUaVen,i0nalSOre,ates ' 0 ^'«°fbonen,arrowee, 1 a i n 
30 three dunenaional cell and tissue culture svs.,m,, .„ f 

™ e systems to fon >> structures analogous to liver 
tissue counteiparts/n vivo Cells oiln.,^ , „ 8 » "aver 

cells culnjred on a threeHlimensional culture system wUI 
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grow in multiple layers, forming new liver tissue. The resulting liver tissue will 
survive for prolonged periods of time, and perform liver-specific functions following 
transplantation into the recipient host. Methods for producing such structures is 
described, e.g., in US Patent No. 5,624,840, which is incorporated herein in its 
5 entirety. 

5.2 METHODS FOR ENRICHMENT OF HEPATIC OVAL CELLS 

The present invention also provides methods for deriving an enriched 
population of hepatic oval cells from liver tissue using a Thy-1 specific antibody. 
This aspect of the invention is based on the observation that hepatic oval cells express 

1 0 high levels of Thy- 1 on their cell surface. 

Hepatic oval cells may be obtained from a variety of different donor 
sources. Depending on the degree of liver damage, enriched populations of 
autologous hepatic oval cells may be derived from the tissue of the subject who is to 
receive the transplanted hepatic oval cells. This approach avoids the immunological 

1 5 rejection of foreign tissue. In yet another preferred embodiment of the invention, 
allogenic liver tissue for use in purifying hepatic oval cells may be obtained from 
donors who are genetically related to the recipient and share the same transplantation 
antigens on the surface of their blood cells. Alternatively, if a sibling is unavailable, 
tissue may be derived from antigenically matched (identified through a national 

20 registry) donors. 

In an embodiment of the invention, hepatic oval cells are isolated from 
a disaggregated liver tissue biopsy. This may be readily accomplished using 
techniques known to those skilled in the art. For example, the liver tissue can be 
disaggregated mechanically and/or treated with digestive enzymes and/or chelating 

25 agents that weaken the connections between neighboring cells, making it possible to 
disperse the tissue suspension of individual cells. Enzymatic dissociation can be 
carried out by mincing the liver tissue and treating the minced tissue with any of a 
number of digestive enzymes . Such enzymes include, but are not limited to, trypsin, 
chymotrpsin, collagenase, elastase and/or hylauronidase. A review of tissue 

30 disaggregation technique is provided in, e.g., Freshney, Culture of Animal Cells, A 
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Manual of Basic Technique, 2d Ed., A.R. Liss, Inc., New York, 1987, Ch. 9 pp 107- 
126. 

Following preparation of a single cell suspension, Thy 1.1-positive 
cells, which represent the hepatic oval cell population of cells may be purified from 
5 the Thy 1-1-negative population of cells using a variety of different methods Such 
procedures involve a positive selection, such as passage of sample cells over a column 
containing anti-Thy-1 antibodies or binding of cells to magnetic bead conjugated anti- 
Thyl antibodies or by panning on anti-Thy-1 antibody coated plates and collecting the 
bound cells. Alternatively, the single cell suspension may be exposed to a labeled 
antibody that immuno-specifically binds to the Thyl-1 cell surface antigen. Following 
incubation, with the Thy 1.1 antibody, me cells are rinsed in buffer to remove any 
unbound antibody. Hepatic oval cells expressing the Thyl-1 cell surface antigen can 
then be cell sorted by fluorescence-activated cell sorting using, for example, a Becton 
Dickinson FACStar flow cytometer. 

15 Woir t0 ^P^tation into the recipient host, the hepatic oval cells 

may be contacted with a number of different growth factors that can regulate tissue 
regeneration by affecting cell proliferation, and gene expression. Such growth factors 
include those capable of stimulating the proliferation and/or differentiation of hepatic 
progenitor cells. For example, epidermal growth factor (EOF), transforming growth 
factor a (TGF-cc) or hepatocyte growth factor/scatter factor (HGF/SF) may be utilized 
The hepatic oval cells may be stimulated in vitro prior to transplantation into the 
recipient subject, or alternatively, by injecting the recipient with growth factors 
following transplantation. 

The present methods and compositions may employ hepatic oval cells 
genetically engineered to enable them to produce a wide range of functionally active 
biologically active proteins including, but not limited to, growth factors, cytokines, 
hormones, inhibitors of cytokines, peptide growth and differentiation factors. 
Methods which are well known to those skilled in the art can be used to construct 
expression vectors containing a nucleic acid encoding the protein of interest linked to 
appropriate transcriptional/translational control signals. See, for example, the 
techniques described in Sambrook, et al., 1992, Molecular Cloning, A Laboratory 
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Manuel, Cold Spring Harbor Laboratory, N.Y., and Ausebel et al., 1989, Current 
Protocols in Molecular Biology, Greene Publishing Associates & Wiley Interscience, 
N.Y. 

In addition, hepatic oval cells may be attached in vitro to a natural or 
5 synthetic matrix that provides support for the transplanted hepatic oval cells prior to 
transplantation. The matrix will have all the features commonly associated with being 
"biocompatible", in that it is in a form that does not produce an adverse, or allergic 
reaction when administered to the recipient host. Growth factors capable of 
stimulating the growth and regeneration of liver tissue may also be incorporated into 
10 matrices. Such matrices may be formed from both natural or synthetic materials and 
may be designed to allow for sustained release of growth factors over prolonged 
periods of time. Thus, appropriate matrices will both provide growth factors and also 
act as an in situ scaffolding in which the hepatic oval cells differentiate and proliferate 
to form new liver tissue. In preferred embodiments, it is contemplated that a 
1 5 biodegradable matrix that is capable of being reabsorbed into the body will likely be 
most useful. 

To improve oval cell adhesion to the matrix, and survival and function 
of the stem cell, the matrix may optionally be coated in its external surface with 
factors known in the art to promote cell adhesion, growth or survival. Such factors 
20 include cell adhesion molecules, extra cellular matrix molecules or growth factors. 

The present invention also relates to the use of hepatic oval cells in 
three dimensional cell and tissue culture systems to form structures analogous to liver 
tissue counterparts in vivo. The resulting liver tissue will survive for prolonged 
periods of time, and perform liver-specific functions following transplantation into the 
25 recipient host. Methods for producing such structures is described in US Patent No. 
5624,840, which is incorporated herein in its entirety. 

5.3. ADMINISTRATION OF BONE MARROW 

RTFM CELL S OR HF.PATir OVAL CELLS 
The bone marrow cells and/or enriched oval cells can be administered 
30 to the recipient in an effective amount to achieve its intended purpose. More 
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specifically, an effective amount means an an™, snfficient „ lead „ fc 
deve.opn.cn, of new tiver tissue and rest „ ra ti„n of liver fiction, thereby aheviafing 
the symptoms associated with liver disorders. 

5 inventi , ^ ^ ° f °* ^ ,0 *« *« ° f *• P-™ « 

tnven on wrl, v*y depending „„ tire degree of liver damage and me size, age and 

«— hver function. The dose range of ce Us „ h kfc pracfa 
utvention may vary between ,0= - ^ ^ fc ^ rf 

ceUawuIbehetwe^.O.-.o.. „ may be necessary to use dosages 
10 outside these ranges in some cases, 

as will be apparent to those of skill in the art. 

*«. M „ ■ D ; tennina,i0n ° f ~ * we., wittun the capabiihy „f 

m^ sl a„ Kll „mea,.Thee ff ec«vedo S emaybede ttn m„e dbymingav ^ of 

15 ^7 , ; SSaySdeSi ^ to ' te — nonfunction. The progress of the 
*^r ractpten, can be determined using assays tha, inclnde blood tea* imown as 
hver fimction ^ Such hver Action teas indude assays for aUtahne phosphate 
^anme ti^saminase, aspanate tiansaninase arrd bihrubin. h addition, recipient can 
be examined for presence or diaappearat.ee of feahnes nonnahy associaKd with liver 
drsease such as, for example, jaundice, anemia, .eultopenia, mrombocytopenia 
...creased hear, rate, and high levels of insuhn. Further, imaging tea* such „ ' 
ultrasound, computer assisted tomocraDhvrraT^. a 

. J tomography (CAT) and magnetic resonance (MR) mav 

be usee to assay for liver function. 

^ b0nera ^ w ^»*ore, m chedovalcellscanbeadmi„ ist e rcd 

25 Carriersforthese 
ceikmay ^ but are no, Bmited to , so^ of ^ 

~ g a^ofsa ltei nphy si o,og i cconcen ta , i „„s. htaddition, thecellsma 
be assocta.ee with a matrix prior ,„ administiation mm me recipient host. 

Inanembodimenlofmc invention, me bone manow cells and/or 
hepatic ovaf cehs can be administered by intravenous infusion. The cells fo be 
tnjected, are drawn up into a syringe and injected into fhe recipient host. In such 
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instances the cells would be expected to migrate to the recipient's liver where they 
will differentiate and proliferate to form new liver tissue. 

Alternatively, the methods of the present invention encompass 
administration of the bone marrow cells and/or hepatic oval cells into the recipient so 
5 as to become located in the liver. The administration of the stem cells and/or hepatic 
oval cells, is accomplished by conventional techniques such as injection of cells into 
the recipient host liver, injection into the portal vein, or surgical transplantation of 
cells into the recipient host liver. In some instances it may be necessary to administer 
the stem cells and/or hepatic oval more than once to restore liver function. In 
10 addition, growth factors, such as G-CSF, or hormones, may be administered to the 
recipient prior to and following transplantation for the purpose of priming the 
recipients liver and blood to accept the transplanted cells and/or to generate an 
environment supportive of hepatic cell proliferation. 

5.4. USE OF BONE MARROW CELLS FOR REGENERATION 
15 OF TISSUE, OTHER THAN LIVER TTSSTIK 



In yet another embodiment of the invention, bone marrow cells may be 
used for regeneration of tissues other than liver tissue. Specifically, the methods and 
compositions of the invention provide for the transplantation of bone-marrow stem 
cells into a recipient host in amounts sufficient to result in tissue regeneration other 
20 than liver regeneration. The invention is based on the observation that bone-marrow 
derived cells can participate in the production of not only liver cells, but pancreatic 
cells as well. 

The methods of the present invention encompass administration of the 
bone marrow cells into the recipient host so as to become located in the organ or 
25 tissue in which regeneration is desired. The administration of the stem cells into the 
desired region is accomplished by conventional techniques such as injection of cells 
within the recipient host or surgical transplantation of cells within the recipient host. 
In some instances it may be necessary to administer the stem cells more than once to 
restore the desired tissue function. 
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M , , • 10 3 SPeCi& erab0dimcn, ° f ae i " vention ' ma ™ •* be 

a^^^^^^^^^ physiologica ,, y 

effecove amount t0 ^ its M J* ■» - 

associated with the pancreatic disorders. 



'« «• EXAMPLE: BONE MARROW CELLS PARTICIPATE IN THE 

PRODUCTION OF HEPATOCYTES, BILE DUCTAL 
CELLS AND OVAL CELLS DURING LIVER 
RECiRNrjp^-ry^, 

The purpose of & present study was to tes, the hypothesis that ova. 

• llVW folio • r- 
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exposure o an anima, to 2-acety^onou™ ^ ^ ^ 
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and immunohisto- and cytochemical techniques were used to distinguish donor cells 
from recipient cells. 

6.1. MATERIALS AND METHODS 
6.1.1. RONE MARROW AND WHOL E T.TVER TRANSPLANTATION 
5 Bone marrow transplantation (BMTx) was performed as previously 

described (Murase, N. et al., 1996, Transplantation 61 :1) with minor modifications. 
In one set of experiments (Set 1, two separate experiments), bone marrow from male 
F-344 rats was transplanted into lethally irradiated syngeneic female F-344 rats 
(n = 10 animals). The females were given 10.5 Gy from a '"Cesium source (JL 
10 Shepherd Mark I), and then rescued by injecting about 60 x 10 6 male bone marrow 

cells via the tail vein. After allowing establishment of a chimeric system (about 30-45 
days), the animals were tested to see if the donor cells had engrafted. PCR analysis 
was performed on DNA extracted from the buffy coat of nucleated cells obtained from 
retinal orbital blood (ROB). All animals survived the transplant procedure, but 
1 5 varying degrees of intensity for chimerism, was evident. Only those animals that 
expressed a strong signal for the Y chromosome PCR product were placed on the 2- 
AAF/CC1 4 protocol for oval cell induction. The animals were sacrificed 9-13 days 
after CC1 4 administration. In a second set of BMTx experiments (Set 2), bone 
marrow from male F-344 rats expressing the DPPIV enzyme was transplanted into 
20 lethally irradiated DPPIV syngeneic female F-344 rats, which were then further 

treated as above. Ten female rats were successfully transplanted in Set 1, and fourteen 

female rats in Set 2. 

Whole liver transplantation (WLTx) was performed as previously 
described (Murase, N et al., 1995, Transplantation 60:158). Brown-Norway rats were 

25 used as donors of whole liver tissue, and Lewis rats as recipients. The L21 -6 
monoclonal antibody specific for Lewis rats was used to distinguish 
immunohistochemically donor cells from recipient cells (Yagihashi et al., 1995, 
Transplantation Proceedings 27: 1519). Once the rats recovered from the WLTx 
(about two months), the animals were placed on the 2-AAF/CCl 4 protocol for 

30 induction of oval cells as described below. In this experiment six Lewis rats were 
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successfully transplanted; of these, three animals survived until completion of the 
study. 
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6.1.2. ANIMAT.S 
F-344 male and female rats were obtained from Frederick Laboratories 
(Fredenck, MD) as marrow donors and recipients. DPPIV female F-344 rats were a 
gift from Dr. Sanjeev Gupta, Albert Einstein College of Medicine, Bronx NY All 
procedures involving animals were conducted according to institutionally approved 
protocols. 

6.U. INDUCTION n F0VA[ cpuv 

2-AAF time-release pellets were prepared (70 mg, 2.5 mg/day release 
for 28 days) as described by Hixson « „. ^ D . c . a I990> Pathobiology 
58:65) and tnserted subcutaneous* in the rets 7 days prior to administration of CC1, 
Tta annuals were sacrificed, and tissue samples were obtained a. various time points 
thereafter. CC1. was injected intraperitoneally (i.p) as a single dose of 1.9 ml/kg 
<1500mg/kg)b.w.ofa 1: 1 (vol/vol) solution in com oil; this dose was calculated on 
the basis of the LD M dose <RJ. Lewis, Sr., Ed., SAX Dangerous Properties of 
**~UltmMQ, m Nostra^ Reinhold> New York> Ny k ^ 

eighth edition). 

6- 14. PCR ANALYSTS 

PCR analysis for the Y chromosome was performed on DNA 

extracted from transplanted and non-transplanted female animals using primers for the 

^geneoftheYchromosome(An,J.etal., 1997, J Andrology 18:289). Theprimer 
sequences are as follows: 

5'-CATCGAAGGOTTAAAGTGCCA-3' and 

5'-ATAGTGTGTAGGTTGTTGTCC-3 '. TTtese primers amplify a 549-bp nucleic acid 
product that has been shown to be very specific for the Y chr.mosomc with no 
reactivity to female DNA. PCR was performed as previously described (An, J etal 
1996, Experimental Hematology 24:768). Human P-actin primers from Clonetec 
Laboratories (Palo Al,o, CA), included to ensure that each sample of DNA was intact 
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produce an expected product of approximately 1000 base pairs in length (DeFrances, 
M.C., 1992, Development 1 16:387). 

6.1.5. CELL ISOLATION 
Hepatocytes and nonparenchymal cells (NPC) were isolated after a 2- 
5 step collagenase digestion of the liver according to an established protocol ( 1 996, 
Methods Cell Biol 13:29) Prior to the isolation procedure, the caudate lobe was 
surgically removed and divided into halves, one being fixed in 10% buffered formalin, 
and the other placed in OTC. compound and frozen in cold 2-Methylbutane. The 
samples were stored at -80 °C until paraffin or frozen sections were prepared for 

10 routine examination after hematoxylin and eosin (H&E) staining. This tissue served 
as an internal control for light microscopy and hybridization in situ. 

Digestion began by blanching the liver to remove the majority of blood 
cells from the liver, by perfusion with a buffered saline solution (S&M) for 1 0 min, 
10 ml/min at 37 °C. Digestion of the liver was accomplished by collagenase digestion 

15 (Worthington Biochemical Co., Freehold, NJ; 100 mg/250 ml S&M supplemented 
with CaCl) for 20 min, at 10 ml/min at 37 °C. On completion of the digestion, the 
liver was removed from the animal, placed into cold S&M, and repeatedly shaken to 
disrupt the individual cells from the tissue. The resulting cell suspension was passed 
through nylon mesh and centrifuged 3 times at 50 g for 5 min to separate the 

20 hepatocytes from the NPCs. The supernatants on top of the hepatocyte pellets were 
collected after each spin and combined. The hepatocytes were resuspended in cold 
media (MEM Neaa, Gibco, Gaithersburg, MD) and placed on ice until further use. 
The collected supernatant was diluted 1 :3 with cold S&M to remove the collagenase 
from the cells, and centrifuged at 1 1 00 rpms (400 g) for 1 0 min to pellet the NPCs. 

25 The NPC fraction was then suspended in IX phosphate buffered saline (PBS) and 
stored at 4°C until oval cell isolation. The presence of oval cells in the NPC fraction 
has been previously determined (Yaswen, P., 1984, Cancer Research 44:324). The 
oval cells were then isolated from the NPC fraction using flow cytometric techniques 
as previously described (Petersen, B.E. et al., 1998, Hepatology 27:433). Briefly, 

30 approximately 200 x 1 0 6 NPCs were incubated for 20 min at 4°C with fluorescein 
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^ocyanatetF.TC^njugateda.ti.ra,^ ,, O ^io^^n^ 
twice in IX PBS + , % FBS, 5 min each tone. F1TC isotype mouse lg0 , w ^ „ 
conbol. The cells wem to™ kep, on ice to toe dark umil sorted wito a Becton 
Dickinson FACStar flow cytemeter to,o Thyl.r (oval ceils, and Thy..!' sub - 
populations of eells. Thepurity of toe differ sorted cel. populations were as 

B.E. et al, 1998, Hepatology 27:433). 

6.1.7. WS/7-£/HYBRIDIZATIONOFTHES«r 
REGION OF Ttp v CH Rn M n^^ 
Digoxigenin labeled DNA probes, pmpamd by random priming using 
toe Oemus System insiruciions (Boehringer Mannheim, Indianapolis, IN,, were 
hybridized to paraffin „ r frozen live, sections as per manufachiref . instonchons. 
Briefly, frozen sections were placed on Superfros, P,us microscope slides (Fisher 
Sctemtfic, Ptemngh, PA) and were pm-hybridized in 10 mM Tris-HCl 50% 
fomtamide,0.6MNaCl, 1 mMEDTA, lxDe„hard«,0.5mg/nncanrierRNAaad 
1 /.dextmnsuhatefor, hr at3 7°C. The digoxigenin-labeled probe oftoerry gene 
of toe Y chromosome was applied to toe secnons and aflowed to hybridize overnight 
at 37 C. Following post-hybridizahon washes, detection of toe probe was 
accomplish* by incubaoon wito alkaline phosphatase-conjugated anri-digoxigenin 
annbody (,:500) for 2 hr at RT. AWine phosphatase activity was visnalized by 
mentation wrto NBT and BICP (Boehringer Mannheim, Indianapolis, IN) in toe dark 
The color development was monitored and toe enzymatic reaction stopped by 
immersing the slides in 1 0 mM Tris, 1 raM EDTA. 

6 U - IMMUNOHISTOrHFMTSTPV A >r ^ OCHRMKTPV 
All tissne samples were divided into half. One was immediately 
Placed in liquid nitrogen for later extraction of RNA or DNA. The other half was 
split wto one portion being fixed in .0% buffered formalin and processed for 
proration of 4-,m thick pamffin embedded sections, and toe other portion placed in 
OTC freezmg compound and cold 2-Metoylbutene and processed for preparation of 
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6 /zm-thick frozen sections which were stored at -80 °C until staining. Routine 
histological examinations were performed on both paraffin and frozen sections stained 
with hematoxylin and eosin (H&E). In addition, spleen and pancreas tissue were 
treated the same way and frozen sections and parafin sections were DPPIV and 
5 hematoxylin and eosin stained. 

6.2. RESULTS 

Female rats were lethally irradiated and rescued with a bone marrow 
transplant from a male animal Nucleated blood cells of the transplanted animals were 
tested by PGR to establish that the BMTx was successful. Once the female rats were 

10 determined to have been engrafted with male bone marrow, they were placed on the 
oval cell protocol as stated above. On Day 9 and Day 13 (post hepaic injury) rats were 
anesthetized and their livers were perfused in order to obtain single cell suspensions of 
non-parenchymal cells (NPC) (cells that are not hepatocy tes) and parenchymal cells 
(primarily hepatocytes). 

1 5 Flow cytometry was used to isolate the oval ceils from the NPC 

fraction using anti-Thy-l-FITC. The Thy-1 positive, Thy-1 negative and hepatocyte 
populations were subjected to PCR analysis. Figure 1 shows that both the day 9 and 
day 13 Thy-1 + and Thy-1* cell populations of NPCs were positive for the 
Y chromosome PCR product. The Thy-1" fraction showed a strong signal, probably 

20 due to the presence of donor hematopoietic cells such as Kupffer cells which are in the 
NPC population and Thy-1 negative, but positive for the Y chromosome. In the day 9 
hepatocyte fraction there was no visible signal. At this time point in oval cell 
activation, the oval cells have not yet begun to differentiate into either transitional 
cells or hepatocytes. By day 13 there were cells in the hepatocyte fraction expressing 

25 the Y chromosome PCR (549 bp) product. At this time the oval cells are beginning to 
differentiate into hepatocytes (Grishman, J.W., 1997, in Stem Cells, C.S. Potten, Ed. 
(Academic Press, San Diego, CA p233-282). If all oval cells that differentiate into 
hepatocytes were derived from the liver, then one would expect that none of the 
hepatocytes tested would be positive for the Y chromosome. The finding that some 

30 hepatocytes were Y chromosome positive indicates that they were derived from the 
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2. 1 ^r"™ were dcrived to » *■ *« — - - ** 

TOCO " ftm,hePCRre ^«eni»Figu re .,„„e„ fthesmallerlobes 
fomeveryaverthatwaspe^d^u^^^ ~" 

frozen sections. hybridi2ation for ^ y c 
^o^^es of fixed tissne. Hepatecvtes ^ . ^ ^ 

CF.gures 2A). ,„ agrecuent * «. results obtained pcR 
marrow cells from DPPIV + F w „». . 

DPPIV P ua , ht0 ^ 

DPPIV P-344 females. Thia conafinued a system h ^ ^ „ rf ^ 

^^^^^^^^^ 
reV ^cytochendcaJ.yd 1 e a e tt vi« y „f lheenzymcD pp IV(F . " ' . 

fte DPPIV MM-i.^ ^coafrol untreated DPHV-fe^ea 
Showed no staining <P igure 3B). To detennine whether DPP,V wonld be " • 

transplanted animals, staimng was nerfon™) r P ™ 

, _ , 8 "^^notmedonhver sections prepared fiom 

-Pianted female rars .mated with As ^ 

— -"^i.-eraloUee^l^sHes^Ueir 
oval I ^ Cnt transplanted uoimals. DPPIV expression was also observed^on afew 

enarafim , /T ^ « «- *« marmw 
—««* based upon examination of the recipient rat's spleens, were chosen 
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(Figure 3C-3F) for an estimation of the number of hepatocytes originating from the 
donor bone marrow. From these four animals, five different lobes were used to cut 
approximately 10 sections per lobe (50 sections total). All of the sections were 
stained for DPPIV and examined for DPPIV expression. Roughly, 25 random fields 
5 (200x) per section were examined, and the numbers indicate the total number of 
hepatocytes positive for DPPIV staining per section. 

Table 1 represents the number of DPPIV positive hepatocytes observed 
in the transplanted DPPIV rats. By dividing the total positive cells by the total 
hepatocytes observed, approximately 0.16% of the total number of hepatocytes were 
10 positive for DPPIV expression. The rat liver has approximately 700 x 10 6 

hepatocytes, indicating that, at day 13, approximately 1.0 x 1* hepatocytes originated 
from transplanted bone marrow cells using the oval cell protocol. 
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Animal 
Number 


LOBES 

#of 
Different 


SECTIONS 
#of 
Different 
non-serial 


FIELDS 
Total # of 
Random 
Fields 


DPPIV+ 
Total # of 
positive Hepatocytes 


PERCENT 
TOTAL 


6028 


5 


10 


250 


55 


0.144 


6034 


4 


10 


200 


18 


0.059 


6036 


5 


10 


250 


78 


0.204 


6037 


1 5 


10 


250 


93 


0.243 



The mean value of 0.163% represents that approximately 1x10* hepatocytes would be 
positive for DPPIV expression within the transplanted female rats. 

In order to confirm that extra-hepatic cells can repopulate the liver, 
whole liver transplantation was used as a final approach. In this series of experiments, 
Lewis rats that express the MHC class II L21-6 isozyme were used as recipients of 
liver from Brown-Norway rats which do not express L21-6 (Yagihushi, A. et al., 
1995, Transplantation Proceedings 27:1 519). An anti L21-6 monoclonal antibody was 
used to differentiate donor from recipient cells. In this model, oval cells that 
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originated from an extra-hepatic source wm.M un,, - • 

... . . P source would be L21-6 positive, while oval cells 

originating in situ would be negative tu*. , . 

illufln^ • p- / * ° btamed m ^me-ts are 

dmara,*, „ Flgures 4 ^ 5 . pjgure 4A ^ ^ ^ ^ ^ 

^„™. MH pl ^ toto ^ sraBpriortobeiiigpiacedonUie2 

Brewn-Norway hvera, presumahly due t0 ^ „ f ^ ^ ^ 
^-^^al^B^-Ko^ave,. MoanofcMe, though was the 
™ a paaern oflen see » u fc „„„ ^ 

^;v-oc« S (^^,,e t a 1 .^3,P TO . Soc .^ BioIM l 
204.253 N. Fausto, « rte£/ver .. ^^^^^ ^ 

positive cells supports the concept that these oval cells were derived from an extra- 
^source, Tie stnjctures ^ ^ ^ ^ 

^^^^fteposinvecellsseenmfted^^,^ 
and d.stmg.sh drear from inflamma^ ^ ^ ^ Bmm ^ 

*™P anted Hvera, do* mrmunofluorence ^ ^ 

OC2, a specific ova, ceH/dnoud cel, tnaricer (Paris, R.A. et a, 1956 

»gure 5, mdtvtdua, cefls expressing hod. OC.2 and L21-6 are evident as a veUow 
7 » of «. and green). The cells, therefore, were identified as oval 

cells or denvatives .hereof, and no, immunocytes or inflammatory ceUs 

In addition, when tissues other man me liver were analyzed, such as the 

wiin WF1V positive bone marrow a laiw m , m u „r „ 

ruw> a lar 8 e nu mber of cells were positive for DPPIV 

(Figure 17 E-F). 
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7. EXAMPLE: PURIFICATION OF HEPATIC OVAL 

CELLS USING ANTIBODIES THAT RECOGNIZE THE 

THV1 1 CELL SJ JRFACE ANTIGEN 

The following subsection discloses experimental data indicating that 
5 hepatic oval cells express the hematopoietic stem cell marker Thy 1 . 1 . The data 

provides a novel cell marker for identification of oval cells. Using Thyl.l antibody,a 
highly enriched population of oval cells was obtained. 

7.1 MATERIALS A ND METHODS 
CC1 4 , 99% pure high-performance liquid chromatography grade, and 2- 
10 AAF were purchased from Aldrich Chemical Co. (St. Louis, MO). 2-AAF crystals 
were incorporated into time-released pellets (70 mg/pellet over a 28-day release, 2.5 
mg/d) supplied by Innovative Research Inc. (Sarasota, FL). Male Fisher 344 rats 
(150-170 g) were obtained from Fredericks Laboratories (Frederick, MD). 
Microscope Superfrost Plus slides, buffered Formalin-Fresh, and dextran sulfate were 
15 obtained from Fisher Scientific (Pittsburg, PA). Hematoxylin was purchased from 
Anatech, Ltd. (Battle Creek, MI). Anti-a-fetoprotein (AFP) antibody was purchased 
from Nordic Immunology (Tilburgh, the Netherlands). OV-6 and BD-1 antibodies 
were gifts from Dr. Doug Hixson (Brown University, Providence, RI). OC.2 antibody 
was a gift from Dr. Ron Faris (Brown University, Providence, RI). Rat anti-GGT was 
20 a gift from Dr. Benito Lombardi (University of Pitssburgh, Pittsburgh, PA). Thyl.l 
was purchased from PharMingen Inc. (San Diego, CA). Proliferating cell nuclear 
antigen (PCNA) was purchased from Signet Laboratory Inc. (Dedham, MA). 5- 
Bromodeoxy- uridine (BrdU) was obtained from Boehringer Mannheim (Indianapolis, 
IN). Desmin was obtained from Dako Corp. (Carpinteria, CA). Eosin, propidium 
25 iodide (PI), and all other chemicals used were obtained from Sigma Chemical 
Company (St. Louis, MO). 
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71 -2 COMPm Ifjn DFrjVFpY 
An ID„ dose of CC1, as determined by Lewis was used (SAX 
Dangerous Properties of industiia, Material ,„ : Lewis, R.J., Sr. Edition 8 , ,993 
*^3. taYo4;V ^^ |992 s2;i| A single dose 

admnus.eredbytaperiu.neaiinjeeoon. Two horns before drey were sacrificed fire 
anrmals received an intra peritoneal injection of BrdU (50 mg/kg body weigh,) to 
tdentrty cells in S-phase of the oell cyc.e, as described by Lindrose e, al (,99, 
Hepatology ,3:743-750). 
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7 U Q^L£ELL compartmpmt P o^, ^ ■ lT ,n lr ^ UUJJuL1 
2 -AAFpeUe B were inserted, days before hepatic injury f 0 „ owing , 

-.09 0 , Pathob,o,„gy 58:65-73, The time porn* for this study were counted ft™ 
when tire hepatic injury (CCL, Phx) was induced. The dose and delivery for CC, was 
dirtier i" - -pound delivery section and perfomred in the sanre ma™ 
For the Phx procedure, rats were hepatectontized under genera, anaestiresia according 
tome methods described by Higgins and Anderson (,„,, Areh. Pathol. ,2:,86-202> 
The bssue obtitined waa processed in me same manner described in fire 
tmmunohistochemistry methods. 

7-1.4 ANtMAl. PtTT HANI^A- priM 
AU procedures involving animals were conducted according to 
mstitirtionatiy approved prowls. Ra te were mestheU2ed by ^ ^ 
pen,„barbitid(0.1 mL/100 g body weight) before being sacrificed. 

7-1-5 IMMllNoms TOPHF ujTQTpv 
A basic immrmohiaochcmical protocol previously described by Wolf 
« tU. 0991, Hepatotogy ,2:,86-202) was used with slight modification to conform to 
each particular mtaodv . Liver ^ ^ ^ ^ ^ ^ ^ ^ 

fonnalin or P ,aoed in OTC eompotrnd, frozen in odd 2 . methvlbutane ^ 
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Scientific), and stored at -80°C. All staining procedures for light microscopy were 
performed on 4-um thick, paraffin-embedded sections or 6-m thick, frozen sections. 
Routine histological examination were made for all liver tissue samples on sections 
(paraffin and frozen) stained with hematoxylin-eosin. Single cell suspensions were 
5 collected on glass slides by cytocentrifugation and air-dried. Cytocentrifugation was 
performed using a Cytospin 3 Cytocentrifuge (Shandon Inc. Pittsburgh, PA) for 6 
minutes at 600 rpm. Immunohistochemistry on cytospin preparations (100,000 
cells/slide) was performed using the techniques described above. The cytospin preps 
were then analyzed by confocal microscopy (Multiprobe 2001 Inverted Confocal 
10 Laser Scanning Microscope, CLSM, Molecular Dynamics, Sunnyvale, CA). BrdU 
staining was performed on 4-um thick, paraffin-embedded tissue as described by 
Lindroos et al. (1991, Hepatology 12:186-202). For each, antibody-negative controls 
were performed by either blocking with the appropriate nonimmune serum or by 
omitting the primary antibody from the protocol. 

15 7.1.6. PT nw CYTOMETRY 

Hepatocyte and nonparenchymal cell isolation was performed by a 
two-step collagenase digestion according to the protocol established by Seglen (1 976, 
Methods in Cell Biol 13:29-83). Oval cell isolation was performed using flow 
cytometry. Briefly, the nonparenchymal cell (NPC) fraction has been determined to 
20 contain the hepatic oval cell population as described by Yaswen et al. (1984, Cancer 
Res 44:324-331). Immunohistochemistry was performed on the parenchymal and 
NPCfractionstoensuretomecellsofinterestwereinmeNPCfraction. The NPC 

fraction was found to contain the highest percentage of oval cells. A portion 
(approximately 60 to 80 x 10< of the total 200 x 10' cells) of the NPC fraction was 
25 further purified using flow cytometry. Fluorescein isothiocyanate (FITQ-conjugated 
anti-rat Thyl.l (1 mg/million cells) was used to label the target cells. Thecell 
fraction was incubated with the antibody for 20 minutes at 4X, rinsed twice in Ix 
phosphate-buffered saline + 1% fetal bovine serum for 5 minutes each, and stored in 
the dark on ice until sorting. A FITC mouse G, IgO, was used as an isotype control. 
30 Cells were sorted using a Becton Dickinson FACStar flow cytometer into two 
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colltsolationpr^edtne. Tte^^^^^ 

mh^ fixeduleitherl0%bufferedfonnaiiiorpiacediii 

" (Fisher Scientific), and stoted a, -80°C. 

^ F ° ll ^-«^tion(5ntinn tea u,000 [ p m ) .tie 

glucose was added and incuh««< f„- in • 

ana mcutiated for 30 minutes at room temperature. Flow 
cytometric cell cycle analysis was then performed. 
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7-2 EESIUS 
7-2. 1 TIME LINE OF EVENTS FOR ACTIVATION 
PFOVAI.rFtt EEQLJEEBAJK2j 

To activate ova. cell proliferation in fte liver, attain events must 
occur. Ftgu, 6 is an on^ te represenB fc ^ ^ 

^cf^activ.onofovalceU^on . Incntio, animals, a placetwas 

2 t ^ 35 ,a * e " « «*» ™-B shows the 

^S.calchangesinliver.ectionsfiommtsexpoaed^.AAFfotTdays.fonowed 
by CO, exposure and sacrificed 1 1 days posthepafic injmy . ^ ^ 2 

~^veovaIe.Up ro nfe ra tionwa Ssee n tf e r day, The sections werel 
-a.ce Us8 ene rate d fr omme2- A AF/CC. < p rotocolwcreposWveforte JJ re the 

results can be seen in Figure 8A-D «/h^v, u 

^ ^^-D, which shows livers sections from rats sacrificed 

on day 9 figure 8A), day 1 1 fFieure am ^ a „ ~- Menaced 
lUesametvn , ./ ^ ^ 13 8C) ^ St ' CC1 4 ^posure 
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7.2.2. IMMUNOHISTOCHEMISTRY FOR THY-1 ON 

ACTIVATED HEPATIC OVAL CELLS 
To determine whether Thy-1 and OC.2 antigens are expressed only by 
oval cells, normal rat liver was first examined. Figure 4 represents frozen sections 
5 obtained from normal rat liver. These sections were stained with Thy-1 . 1 antibody 
(Figure 9A) or OC.2 antibody (Figure 9B). There appears to be no portion of the liver 
expressing the Thy-1 antigen. Figure 9B represents OC.2 staining. The ductular cells 
appear to be positive with little to no staining elsewhere in the liver. Our results are in 
agreement with Faris et al. (1991, Cancer Res 51 : 1308-1 3 17), who previously 

1 0 reported this pattern of staining for OC.2 in normal liver. 

To test for Thy-1 expression on oval cells, frozen sections of livers 
with proliferating oval cells were used. In addition to Thy-1 expression, CK-19 and 
OC.2 expression was also examined. Figure 10 represents frozen liver sections 
obtained from rats on the 2-AAF/CCl 4 protocol at day 21 after liver injury. These 

1 5 sections were stained for CK-1 9 (Figure 1 OA and 1 0D), OC.2 (Figure 1 0B and 1 OE), 
and Thy-1 (Figure 10C and 10F). Staining by all three antibodies on serial sections 
showed similar patterns, with all staining located in the periportal region and 
spreading outward; the pericentral region is devoid of staining. At higher 
magnification (Figure 10 D-F), the reactivity of the antibodies was primarily to the 

20 oval cells (arrows), or what has been termed in the art as transitional cells. Thy- 1 
antibody stained the ductular epithelium, which showed negative staining. This is 
also evident in Figure 1 1 . 

The possibility that cells staining positive for Thy-1 may be 
inflammatory cells in response to the CC1 4 exposure was ruled out. In the 2-AAF/PHx 

25 model, however, there is presumably no influx of inflammatory cells. Figure 1 1 

shows sections from livers with oval cells, in which the hepatic injury was a PHx of 
two thirds (day 13 2-AAF/PHx). Again, as shown in Figure 10, the pattern of staining 
in the periportal region of the lobule and expanding outward was similar to the 
staining pattern seen in livers from a 2-AAF/PHx model (Figure 1 1 A-C). At a higher 

30 magnification (Figure 1 1D-F), the staining appeared localized to the oval cell 

population. These cells were positive for all three markers (CK-19 (Figure 1 1A and 
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Toe 2 ^ T (2 " AAF/CCI " - * CK- 

^ FITC«d0C.2.Texas Red, and the same saining ^ 

7-2.3. FACS ANALYSIS AND SORTING 

E 0R w <- ta a i o jHEjHr^maBK^ 

As shown above, using tan,^,,,^ 
Th,!, anrigen. The possibility of obtaining . ^ ^..^ ~ 

"-"•"--«—. F*» Utepre.ntsFACS analyst y . v 2Z • 
sorted oval cells obtained from day ,2 liver on the 2-AAF/CC, , 

wa S sor,ed to 97% puritvaiKiaieTll Y popu.at.on 

onlyaportionoftheNPCW " Stoa99/ °P m *- '"^h experiment, 

v luonoi me NPC traction was sorted (60 to 80 x 1 (V s „.u.i , • 
„fTk„ i« „ . . K ouroau x 10 cells) and typical vields 

ofThy-1 cells obtained were 15 to 20 x I0« cells TW* . 
cells w«» os./ ,.. , ™ ese two Poputauons of sorted 

«^ were95%vrab.ebyTrypanblueexelusi„n. The Thy,,- sorted « lls were 
fc*er exited to determine what stage of me cel, cycle may were in oX,, 
-ere stained win, propidium iodide and analyzed CeL , T 

Immunohismchemica. staining for BrdU and PCNA (Figure ,3A and 
" B -~^»^ed te m«ovtU w U SW e K no.mmeJo^rme 

iJL and 1 3D). In a separate study it was ^hnumti,^^ 

of Rrrii t * • WaSshownthat ^ was only one peak (dav 9) 

mepeaKshowedverylimeinco^rarion. Others have shown ma, ova, ce„ 
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proliferation lasts much longer, and perhaps the differences can be explained by the 
differences in the protocols. The data shown here were from experiments using the 2- 
AAF/CCU protocol. 

7 ; 2 .4. IMMUmSSIOCHEMISJRY ON THV-r SORTED HOC 
5 Having obtained Thyl.l + and Thy-1" populations, the sorted 

populations were further characterized to determine if the traditional oval cell markers 
were expressed. Thy-1 + and Thy-r cells were cytocentrifugated onto slides. Figures 
14 and 15 represent Thy-1 + and Thy-1" cells, respectively. Figure 14A is a 
hematoxylin-eosin stain, and Figure 14B is a representative of a negative control in 
which the primary antibody was omitted. For all antibodies, the appropriate negative 
controls were performed, either by omitting the primary antibody or by blocking with 
an appropriate nonimmune serum. Figure 14C-14F is of sorted Thy-r cells stained 
with cc-fetoprotein (AFP), CK-19, GOT, and OV6, respectively. To show that the 
cells of interest (Thy-1 + cells) are not Ito cells, staining for desmin, an Ito cell-specific 
marker, was performed. These data are shown in Fig. 14G. The Thy-r cells were 
negative for desmin, which indicated that these cells were Ito cells. Also, desmin 
staining was performed on liver sections obtained from both 2-AAF/CCl 4 - and 2- - 
AAF/PHx-treated animals at various time points, and the oval cells were also 
negative. The results shown in Fig. 14H are of double-stained oval cells showing 
Thy-1-F1TC (green) and AFP-Texas Red (red). In regions of the cell in which the 
antibody binding is in close proximity to each other, the two fluorochrome 
wavelengths mix, and the resulting fluorescence is yellow. The presence of dual 
markers (yellow) was evident in most cells shown. In addition, both Thyl (green) and 
AFP (red) were seen as distinct colors in separate cellular domains on the same cell. 

To show that the Thy-1 + staining was specific for oval cells, Thy-1" 
cells were also subjected to the same immunostaining described above. Figure 15 
represents these Thy-1" cells; Figure ISA is a representative hematoxylin-eosin stain 
of Thy-1" cells. Figure 15B and 15D are cells stained for AFP and GOT, respectively. 
Their corresponding negative controls are shown in Fig. ISC and I5D, respectively. 
30 In both cases, the Thy-1" populations were devoid of any staining for these two 
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traditional oval cell marker* n.^ ^ . ^ 

markers. The speciflcty for Thy-I binding appeared to be only 
S pee.ne to ovalce.ls,asseeni„Fig M e sl 4and l 5. ed.obeonly 

ft. « from Ure foregorng descHpdon and accompanying drawing, Such 

.0 ZSi"^T ,B ! ,-M,fc "* , • M -* , - 
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1. 



2. 



CLAIMS 

A method for stimulating liver regeneration in a subject having a liver 
disorder comprising administering of bone marrow cells to said subject 
in an amount sufficient to result in the production of hepatocytes, bile 
ductal cells and/or oval cells. 

The method of Claim 1 wherein the bone marrow cells are injected. 

3. The method of Claim 1 wherein the bone marrow cells are transplanted 
into the liver. 

4. The method of Claim 1 wherein the bone marrow cells are genetically 
! Q engineered to express a functionally active protein. 

5. The method of Claim 1 wherein the bone marrow cells are on a support 
matrix. 

6. A method for stimulating liver regeneration in a subject having a liver 
15 disorder comprising the administration of enriched oval cells to a 

subject in an amount sufficient to result in the production of 
hepatocytes, bile ductal cells and/or oval cells. 

7. The method of Claim 6 wherein the oval cells are injected. 

8. The method of Claim 6 wherein the oval cells are transplanted into the 
20 liver - 

9. The method of Claim 6 wherein the oval cells are genetically 
engineered to express a functionally active protein. 
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10. The method of Clarm 6 wherein ,he oval cell, are on a support mar™. 

M. The method of Claim 1 or 6 wherein the dose ofeells is between W- 
10». 



12. The method of Claim . or 6 wherein the dose of cells is between 10*. 
10". 



13. The method of Claim , wherein me bone man™ cells are contaeted 
with a growth factorprior to administration. 

14. The method of Claim 6 wherain me ova! ce Usare contacted with a 
growth factor prior to administration. 

15. A method for stimulating pancreatic regeneration in a subject having a 



15 



pancreatic disorder comprising administering of bone marro w ceils to 
said subject in an amount sufficient to result in the production of 
pancreatic cells. 



16. The method of Claim 15 wherein the bone marrow cells are injected. 

17- The method of Claim 15 wherein the bone marrow cells are 
transplanted into the pancreas. 

18. The method of Claim 15 wherein the hone manow ce lls are genetieady 
engtneered to express a fictionally active protein . 

19. The method of Claim 15 wherein the bone ma^ow cells are on a 
support matrix. 
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20. A method for enriching for oval cells comprising: 

(a) disaggregating liver tissue to form a single cell 
suspension of hepatic cells; 

(b) purification from the single cell suspension of Thyl .1 

5 positive hepatic cells from Thyl.l negative hepatic cells; 

wherein the Thyl.l positive cells comprise the oval cells. 



21. 



The method of Claim 20 wherein Thyl .1 positive hepatic cells are 
purified from Thyl.l negative cells using a Thy-1 specific antibody. 



22. A composition comprising an enriched population of oval cells in a 
l0 physiologically acceptable carrier. 



23. 



A composition of matter comprising an enriched population of oval 
cells attached to a matrix. 



24. 



The composition of matter of Claim 23 further comprising a growth 
factor associated with the matrix. 
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